The role of hypochlorite ion, which can be generated by the enzyme myleoperoxidase, in the biochemistry of gold(I) anti-arthritic drugs was investigated. Sodium hypochlorite (OCI-) 
INTRODUCTION
The mechanism of action of anti-arthritic gold drugs has been a matter of speculation and research for almost six decades. Strong evidence suggests that the bulk of gold in vivo, especially the circulating metabolites, remain gold(I), the oxidation state present in myochrysin, solganol, and auranofin [1] . Thus, it is interesting that immunological results in animal models [2] and humans [3] suggest a role for gold(Ill). This prompted us to reexamine the cursory report [4] that gold(I) can be oxidized by hypochlorite ion generated from H202 and CI-in the presence of the enzyme myleoperoxidase (MPO) which is produced and released by phagocytic cells.
The oxidation of gold(I) thiomalate (AuSTm) to gold(Ill) by myleoperoxidase-generated hypochlorite ion was briefly described in an abstract by Beverly and Couri [4] . Their reactions were effected under conditions mimicking the oxidative burst of phagocytic immune cells. Although further details were reported in a thesis [5] , no full report has appeared in the standard literature and these studies were limited to the single gold complex, AuSTm. The protein chemistry of gold complexes has been explored in some detail [1] but relatively less is known about its biological redox chemistry. A number of lines of evidence suggest that gold(Ill) is readily reduced to gold (I) under conditions prevailing in vivo [6, 7, 8] and that bulk gold in tissues is gold(I) even after administration of gold(Ill) to laboratory animals [8] . Nonetheless, many reviews point out the feasibility of oxidation [9] [10] [11] [12] [13] and possible reactions have been reported [4, 14, 15] . Thus, the observation that gold(Ill), but not gold(I), induces secondary immune responses in laboratory animals [2] and human patients [3] treated with gold(I) drugs suggests that gold(Ill) is indeed generated in vivo.
Since generation of gold(Ill) by stimulated macrophages or polymorphoneutrophils has the potential to dramatically alter the metabolism and anti-arthritic activity, as well as the immunogenicity, of gold drugs, we have investigated the direct reaction of sodium hypochlorite with gold thiomalate, gold(I)thioglucose, aurocyanide and auranofin. The MPO-mediated oxidation of these species was also examined. To facilitate the analysis, we developed [23, 24] . Facile and complete displacement of thiolates from Au(I) by cyanide has been previously demonstrated [19] [20] [21] . Thus Conductivity measurements provide a sensitive and reproducible method to quantitate the two ions as they elute from the anion column. Au(CN)2 eluted as a sharp peak at about 3.9 min and Au(CN)2-as a broader peak at about 6.7 min. The limits of detection were 55 and 110 nM, respectively; and the linear ranges were found to be 3 to 45 #M and 0.5 to 6 #M. It is likely then that hypochlorite generated by myleoperoxidase can then effect the oxidation of gold(I) to gold(Ill) under in vivo conditions. To explore this possibility, gold(I) compounds were exposed to MPO in the presence of its substrates, H202 and chloride ion, to ascertain the feasibility and the extent of oxidation that would occur. PBS was used as the reaction medium because the degranulation of neutrophils releases MPO into the extracellular space which has a neutral pH.
The reaction of AuSTm with H20. and CI-in the presence of MPO led to a complex pattern of changes in the absorbance monitored at 220 nm, Fig. 4 . There was an initial decrease over about 1-2 minutes followed by an increase over the next 2-3 minutes after which the absorbance leveled off or declined very slowly. The same pattern was observed by Beverly [5] .
Control reactions in which CI-, H202, AuSTm or MPO were omitted from the mixture failed to produce the characteristic decrease and increase in absorbance. Beverly [5] had hypothesized that the initial decrease is due to the initial oxidation of the thiomalate which disrupts the gold-thiolate bonds giving rise to broad absorbances in the region 200-240 nm. The inorganic studies above and IC data below provide strong support for this interpretation. The subsequent increase in absorbance at 220 nm is due to the formation of Au(lll) as a mixed chloro, aquo, hydroxo complex. Increasing the AuSTm concentration increased the time required to achieve the minima and maxima in absorbance, further indicating that both phases involve this complex.
The presence of Au(lll) in the product mixture was confirmed by UV-vis spectroscopy after conversion to AuCI 4 by adding HCI to 0.1 M and by Ion Chromatography after conversion to Au(CN)4 by adding HCN to mM. Fig. 5 shows ion chromatographs of the same reactant mixture examined in Fig. 4 before and at 1, 2, 3 and 10 min. following the initiation of reaction. The decrease in the gold(I) signal (eluting 3.9 min after injection) and the increase in the gold(Ill) signal (6.7 min after injection) are clearly delineated. The final sample taken 10 minutes after initiating the reaction shows no detectable gold(I), indicating that complete oxidation was effected.
Oxidation of Au(CN) 2-and AuSTg have also been examined in the presence of MPO, H202 and CI-to generate OCI-. The aurocyanide reaction proceeds with an absorbance increase at 220 nm after a brief lag phase (ca. 15 [23] and is found in patients who are non-smokers [24] .
These recent reports demonstrate that Au(CN)2-is an important metabolite and that its role in gold therapy warrants investigation. Many gold complexes react with serum albumin at cys-34 to form thermodynamically robust complexes which are transported in the blood [1] . Au(CN)-, unlike AuSTm or AuSTg, accummulates rapidly and extensively in red blood cells, especially =n patients who smoke [26] . Thus exchange at Cys-34 to to form AIbSAuCN. To resolve the inherent contradictions additional studies were undertaken using two additional separation methods. The first is Penefsky chromatography which rapidly separates free and protein-bound metal ions over a gel-exclusion column using centrifugal force [28] . The second method is membrane ultrafiltration which preserves the equilibrium between bound and free metal ion during the separation procedure [29] . 
DISCUSSION
The oxidation of gold(I) to gold(Ill) was found previously for AuSTm [4, 5] and here for AuSTm, Au(STm)2-, AuSTg, Au(CN)2-and auranofin to be complete with micromolar concentrations of gold andhypochlorite. The plausibility of these findings can be evaluated using standard reduction potentials [31, 32] Further research on the details of gold(Ill) formation and its re-reduction by model proteins and the consequences of such reactions for the generation of cryptic peptides during antigen processing are crucial to a more detailed understanding of the mechanism of action of gold-based anti-arthritic agents.
